Objective : To report the procedure related complication rate of endovascular treatments (EVTs) performed on patients with aneurysmal subarachnoid hemorrhage (aSAH) under local anesthesia (LA).
INTRODUCTION
The annual incidence of aneurysmal subarachnoid hemorrhage (aSAH) is about nine people per 100,000 population.
2) The population-based mortality of subarachnoid hemorrhage (SAH) is 38%, 8) 10-15% of patients with aSAH die before they arrive at the hospital, and a further 5% of patients die within the first 24 hours after hemorrhage. 17) Obliteration of the ruptured aneurysm is the only effective treatment for SAH.
The typical treatments for SAH are surgical clipping and endovascular treatment (EVT). The platinum coils are inserted in the lumen of ruptured aneurysm, and then the local thrombus, formed around the coils, finally obliterates the sac. After the International Subarachnoid Aneurysm Trial (ISAT), EVT with coil is a first-line treatment for managing a ruptured aneurysm.
7)14)
The coil embolization can be performed under local anesthesia (LA) or general anesthesia (GA), and the GA in more common in general. 3) EVT may lead to several complications. The two most common EVT procedure-related complications are thromboembolic complication (TEC) and intraoperative rupture (IOR).
13)15)
Both of these complications are somewhat more common in the setting of SAH than for unruptured aneurysm. 16) As proven, these two procedure-related complications (TEC, IOR) have a significant effect on the mortality and morbidity of aSAH patients, 5) 
MATERIALS AND METHODS
This study enrolled 189 patients who underwent EVT for ruptured aneurysm with LA in one institute be- Values are presented as number (%). DM = diabetes mellitus; CKD = chronic kidney disease; ICA = internal carotid artery; ACA = anterior cerebral artery; AcomA = anterior communicating artery; MCA = middle cerebral artery; VB = vertebrobasilar system; SAH = subarachnoid hemorrhage Values are presented as number (%). TEC = thromboembolic complication ; IOR = intraoperative rupture Table 2 ).
In the analysis of patient-related factors that affected the outcome, age, sex, hypertension and DM have no statistically significant correlation with TEC and IOR.
In addition, CKDs, hyperlipidemia, smoking, previous antiplatelet medication and SAH grade also did not show statistically significant correlation (Table 3) . Values are presented as number (%). TEC = thromboembolic complication; IOR = intraoperative rupture; OR = odds ratio; CI = confidence interval; DM = diabetes mellitus; CKD = chronic kidney disease; SAH = subarachnoid hemorrhage (Table 5) .
DISCUSSION
Prior to the introduction of the endovascular coil in the 1990s, craniotomy and surgical clipping was a standard treatment for cerebral aneurysm. 7) Recently, endovascular coiling has become the gold standard in aneurysm treatment, as endovascular coiling has shown greater stability and better outcomes in ISAT and other studies.
7)10)11)
However, EVT can cause some complications during the procedure; the endovascular procedure-related complications of SAH include device failure, coil migra- Values are presented as number (%). TEC = thromboembolic complication; IOR = intraoperative rupture; OR = odds ratio; CI = confidence interval; ICA = internal carotid artery; AcomA = anterior communicating artery; ACA = anterior cerebral artery; MCA = middle cerebral artery; VB = vertebrobasilar system. * Significant correlation by univariate analysis, p < 0.05 cases. Therefore, we studied how procedure-related complications and factors affecting complications differed under LA compared to GA.
The incidence of TEC in our study was 12.4%,
showing a similar incidence to previous studies.
12)14)
However, the incidence of IOR was 12.9%, which was more than double compared with other studies (2.5-5%). 5)6)19) This was a visible part of the notable differences with other studies performed under GA, and could be viewed as the effects of the type of anesthesia.
The most likely cause of IOR is perforation by a microcatheter and microwire. 20) Discomfort at the femoral cannulation site, severe headache, hot sensation upon injection of contrast into the cerebral artery and the electrolysis of the detachable coils in the procedure can cause pain. 9) Long procedure time could be stressful for patients 9) and poor patient cooperation due to hemorrhage could cause movement. These factors could cause the movement of the microcathter or microwire, by moving the patient, these may lead to the IOR during the coil embolization under LA.
These reasons mean that there is always the possibility of movement of the patients and changes in vital signs. As changes and movement could be unpredictable under LA, operators might be less able to concentrate on the procedure itself. And these unstable factors may cause impatience to the operators, and they also enable you to make the wrong decision during procedure. For most patients in this study, there was unexpected movement of the head. This is thought to be the reason why IOR showed a higher incidence under LA. On the other hand, reducing patients' movements with GA could achieve a lower rate of complications. In the same principle, TEC rate was expected to be higher compared to the GA. But in this study, TEC rate was similar to that of the others studies. 12)14) This is probably because the rate of TEC was so high as over 10 % that the rates under GA and LA did not differ.
Patient-related factors that are known to influence the incidence of TEC or IOR during coil embolization are as follows: smoking, absence of hypertension, and age under 65 years. 14) However, none of the aforementioned factors along with other patients factors, such as patients' gender, DM, CKD, previous antiplatelet treatment and SAH grade, had a significant correlation with the complication in this study.
Aneurysmal factors were also reported to affect the occurrence of TEC and IOR. The incidence of TEC was higher when the aneurysm was 10 mm or larger at its greatest diameter, and when the neck was 4 mm or wider. 6)14)18) In addition, the incidence of IOR was higher when the aneurysm was located in a MCA bifurcation, and the aneurysm's greatest diameter was less than 7 mm. 12) 14) In this study, the only factor related to TEC occurrence was the greatest diameter of the aneurysm, and the other factors did not show a significant relationship with TEC. The IOR was not significantly correlated with any patient-related or aneurysm-related factors. A larger aneurysm was a risk factor for TEC in this study, the same as the results of previous studies. 6)14)18) For large aneurysms, a lot of intra-aneurysmal clotting prior to EVT and a larger clot volume induced by coil occlusion in the aneurysm may elevate the risk of TEC. 14) Unlike other studies, 14) a wide neck aneurysm was not a significant risk factor for TEC. A previous study explained the reason for the higher TEC rate in wide neck aneurysms as it required a large coil surface, which has a higher potential for thrombus formation, higher possibility of intra-aneurysmal clot migration, and a higher risk of coil protrusion into the parent vessel. 14) However, this does not show statistical significance in our study; it is difficult to describe the clear reason.
